The objective of this study was to evaluate near infrared reflectance spectroscopy (NIRS) as an accurate and inexpensive alternative to conventional chemical analyses of nonconsumer bovine tissue. Udder, plate and visceral samples were collected from mature, Charolais-Angus and HerefordAngus crossbred beef cows at slaughter, ground and analyzed for concentrations of lipid, protein and dry matter using standard AOAC chemical procedures. Samples were analyzed using NIRS. The collection of samples was randomly split into separate calibration and validation sets. Nine calibration equations representing each constituent and tissue combination were developed, using first-or second-order derivative mathematical transformations, and those calibration equations were validated. Correlation coefficients of calibration (R) and validation (r) ranged from .95 to .98 and from .87 to .97, respectively, for all analyses except plate dry matter (r=.77). Standard errors of calibration and prediction ranged from 1.89 to 5.81%. Results from this study are interpreted to indicate that bovine udder, plate and visceral tissue composition can be accurately, quickly and efficiently predicted using NIRS technology.
Introduction
Current chemical laboratory procedures such as Goldfisch ether extraction determination of fat and Kjeldahl determination of crude protein are laborious and expensive (Garrett and Johnson, 1983) . These procedures, along with gravimetric determination of moisture, have been used extensively in the analyses of nonconsumer ruminant body tissue (Ferrell et al., 1976; Ferrell and Jenkins, 1984) and consumer meat products (Lanza, 1983) . However, near infrared reflectance spectroscopy (NIRS) has been shown to be a rapid and accurate alternative to conventional chemical analyses of consumer meat products (Ben-Gera and Norris, 1968) .
Near infrared reflectance spectroscopy is a well-established procedure for the determination of protein, fiber constituents and moisture in forage quality analyses (Shenk and Barnes, 1985) . The NIRS technique also has been used successfully in analyses of dehydrated vegetables (Park et al., 1982) , cereal grains (Hymowitz et al., 1974) and many other agronomic products (Marten et al., 1985) . Meats and tissues that have been analyzed by NIRS include ham (Begley et al., 1984) ; bacon, all-meat franks, bologna (Ben-Gera and Norris, 1968) ; beef (Lanza, 1983) and lamb (Kruggel et al., 1981) . Meats have been analyzed for fat, moisture, protein and caloric content (Lanza, 1983 
Materials end Methods
One hundred thirty-six mature CharolaisAngus and Hereford-Angus crossbred beef cows in two feeding trials (P. L. Houghton, R. P. Lemenager, unpublished data) were fed to gain, maintain, or lose weight and body condition (fatness). Cows were slaughtered in the Purdue University Meats Laboratory as they attained (1984) . blncludes viscera, uterus and lungs.
the estimated final body composition specified for each trial. Live animal body composition was estimated weekly by use of visual body condition scores. At slaughter, the udder, viscera and plate were removed from the carcass for chemical analyses. After hide removal, the udder was weighed and a 100-g sample taken from a randomly selected quarter. Visceral tissues were emptied of digesta and flushed with high pressure water. The lungs and uterus were added to the clean viscera and ground through a .95-cm screen. The ground material was thoroughly mixed, weighed and subsampled. The plate was removed from the chilled carcass according to the procedure described by Orts (1962) , and was weighed both before and after bone removal. The boneless portion was ground through a .95-cm screen, reground through a .32-cm screen and subsampled. All samples were stored individually at -20 C in sealed polyethylene bags for later analyses.
Before chemical analyses, tissue samples were thawed to room temperature (23.6 C) and freeze-ground in a Waring blender with liquid N. All chemical analyses were performed in duplicate according to AOAC (1975) . Crude protein was determined by the macro-Kjeldahl procedure and lipid was determined by the Soxhlet ether extraction technique. Dry matter was obtained by oven-drying overnight at 100 C.
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The calibration:validation set included 44 udder, 53 plate and 84 viscera samples. The quantity of samples in each set differed because of limited udder and plate samples. Two-thirds of the samples of each tissue type were selected for calibration on a stratified basis in order to represent the range of chemical concentrations. The remaining samples were reserved for validation. In preparation for NIRS analysis, thawed samples were pureed in a commercial food processor at 825 rpm for 15 s, followed by 30 s at 1,650 rpm. The resulting paste was loaded into a quartz cup and spectral data were collected using a scanning monochromator 5. The data were recorded as log 1/reflectance (Log l/R), similar to those reported by Marten et el. (1985) . Formulae used in the calculation of regression equations, including bias, were identical to those reported by Lanza (1983) .
The standard error of calibration (SEC) is the square root of the mean square error that results from regressing NIRS data against chemical data. The standard error of prediction (SEP) is the square root of the mean square error that results from regressing data calculated by the calibration equation (predicted) against the chemical (actual) data. The SEP was corrected for bias, which was calculated by subtracting the predicted mean from the actual mean.
Results and Discussion
Calibration parameters and wavelengths selected for NIRS determination of lipid, protein and dry matter of the udder, plate and viscera are shown in Kruggel et al. (1981) reported a SEC of 4.6% when ground lamb with a mean dry matter concentration of 52.3% was analyzed by NIRS. The visceral and udder protein calibrations had SECs of 2.8 and 4.5%, respectively (table 2) . Lanza (1983) reported a SEC of .61% when consumer beef with a similar mean protein concentration (20.5%) was analyzed by N1RS.
Calibration correlation coefficients (R)for all tissue samples were .95 or higher in this study and were similar to those reported (R=.91 to .99) by Lanza (1983) and higher than those reported (R=.80 to .84) by Kruggel et al. (1981) for beef food products. Table 3 contains the NIRS validation statistics. Means of all measured components for the three tissues were similar to those in the calibration set. Standard error of prediction (SEP) values were similar to, or lower than, SEC values for udder lipid, udder protein and visceral dry matter. All other SEP values were somewhat higher than their respective SEC values.
Correlation coefficients of validation (r) were high for all tissue components (table 3) . Udder composition had the highest correlation coefficients (r--.95 to .97), followed by liquid and protein values for plate and viscera (r=.85 to .89), with the lowest value obtained for plate dry matter (r--.77). With the exception of plate dry matter, these correlation coefficients are Lanza (1983) for beef consumer products.
Based upon these data, it appears that NIRS analysis of bovine udder, plate and visceral tissue for lipid, protein and dry matter content can be an efficient and accurate alternative to conventional chemical analyses. Spectral data were highly correlated (R=.95 to .98) with lipid and protein chemical values in all tissues, and the resulting calibration equations were validated (r=.85 to .97). Dry matter calibration equations also had high correlation coefficients (R=.95 to 98) and those equations were validated (r=.87 to .97), except for plate dry matter (r=.77). These results are interpreted to suggest that NIRS can be a rapid and useful analytical method for determining tissue composition in large numbers of slaughtered beef cattle.
